Children may be more susceptible to exposures to environmental toxins than adults and may be more vulnerable to their effects. Because of this, the health care community and those responsible for children need to be alert to possible environmental factors in identifying and responding to the health problems of children. Their focus should be on the causes of the health problem, emphasizing environmental sources, and not on simply treating the symptoms. -Environ Health Perspect 103(Suppl 6): 13-18 (1995) 
Introduction
Children may be more susceptible to environmental exposures than adults and, because of their developing systems, uniquely vulnerable to their effects.
There is a growing urgency for researchers in the private and public sectors to move to fill gaps in the data and for decision makers to incorporate available information into pollution control and prevention strategies. Damage caused to children can be devastating and permanent, and the latency period for certain effects can be decades.
Because of this potential, the health care community and those responsible for children need to be alert to possible environmental factors in identifying and responding to health problems confronting children. All too often, the immediate focus is on symptoms and their treatment, rather than causes, and environmental sources of effects are the last considered, if ever.
There are particular environmental exposures, pesticides, and air pollutants for which the combination of increased susceptibility and increased opportunity for exposure combine to increase the hazards and risks for children. One of the most effective strategies immediately available is to prevent pollution and so preclude potentially toxic exposures.
A Changing Environment
With the synthetic organic chemical revolution in the post-World War II period came an enormous influx of new chemical substances together with frequently unchecked releases of pollutants into the air, water, and land. Some of those pollutants, such as DDT, are particularly persistent and pervasive, as Rachel Carson eloquently warned in Silent Spring.
Past pollution practices, combined with inefficient use of fossil fuels, served to create an environment in which the air and waterways all too often became living laboratories for toxic damage. Love Canal symbolized what could go wrong when an elementary school was built directly over a hazardous waste disposal site.
Environmental legislation of the 1970s and 1980s responded to the public outcry against the pattern of environmental destruction in America, creating a network of laws and regulations to As a result, no new uses have been allowed for vinclozolin, and as vinclozolin goes through the reregistration process under the 1988 FIFRA amendments, all uses currently allowed will be reassessed.
The potential implications of the effects of vindozolin for children are inconclusive, but the data underscore the need for a cautionary regulatory approach and continued vigilance in regulating pesticide residues in food. Growing children are sensitive to imbalances in hormone levels, and the question of potential adverse health effects from exposure to pesticide residues in food needs to be the subject ofcontinued research.
Sensitivity and Wildlife
Evidence of abnormal sexual development possibly due to environmental contaminants also comes from case studies involving wildlife, raising the issue of potential implications for childbearing and children's postnatal development. Much more research needs to be done in this area.
In the highly evolved chain of ecologic connections, air, water, land, vegetation, and animals are linked in a complex web of interactions. For example, pollutants move among air, water, and land and are taken up by plants, which in turn are consumed by animals and humans. What goes into the air from near and far becomes deposited in rivers and lakes, for example, contaminating fish and fowl to varying degrees.
In recent years, scientists have begun observing marked effects on the reproductive systems of wildlife in areas that have been subjected to significant environmental contamination, provoking questions about potential implications for human beings' ability to have healthy children. Many of the instances have involved a group of widely used chemicals called organochlorines.
Perhaps the most noted case involves alligators living in Lake Apopka in central Florida (5) . A number of endocrine-related effects were observed, including low hatching rates, males with abnormal reproductive tracts, and females with ovaries bearing abnormal eggs. These effects were inferred to be due to a large quantity of DDE, a potent metabolite of the insecticide DDT, which had been spilled there. DDE's effects apparently led to an imbalance between androgens and estrogens in the developing alligators, which in turn caused abnormal sexual development.
Both DDT/DDE and vinclozolin are endocrine disrupters, substances that mimic or block the action of natural hormones. DDT There have also been concerns about the potential for effects on sexual development and cancer risks that might be hormonally related, such as breast cancer in women and prostate and testicular cancer in men (7) .
The U.S. EPA has developed testing protocols for evaluating hormonal effects of pesticides. The revised protocols call for using extended dosing periods, testing for developmental milestones in the animals, and looking for developmental end points after birth or postnatally. The U.S. EPA's Scientific Advisory Panel, comprised of outside experts, endorsed the changes, clearing the way for them to be added to the agency's testing requirements. The new protocols will add a further layer of protection in discerning potential environmental risks to human health, but troubling questions about effects on reproductive systems remain.
Dietary Exposure to Toxicants
On the issue of exposures, children's diets differ significantly from those of adults, the NAS report confirmed (2) . They eat more fruit in proportion to their body size; they also have less varied diets. As every parent knows, as children go through the first few years of life, they develop preferences for certain foods and often only will eat those particular foods for months at a time.
But NAS found that knowledge about what children eat is much more limited than it should be. Not only are existing data for children inadequate, current information on the U.S. diet is based on surveys conducted in the late 1 970s. Dietary habits have changed substantially since then. Much higher consumption of fresh fruits and vegetables is a key example.
In looking at the diets of infants and children, NAS was critical of the current system for evaluating dietary intake for children because it groups all children between 1 and 6 years of age. Data are available for children up to 1 year of age. However, the differences that exist between the diet of a 1-year-old child and that of a 5-year-old child cannot be taken into account. In assessing exposure and potential risk, NAS In addition to using the USDA data, the U.S. EPA is planning to use data collected in the National Health and Nutrition Examination Survey to get a better idea of the food children eat. This survey also gathers information about young children, including those from various income and ethnic groups.
The foods children most commonly eat are identified in the NAS report (Table 1) . In addition to foods that might be expected, such as milk and apples, there are some interesting and unexpected items, like coconut oil, which is in a number of processed foods, including sweet cereals that children often love.
Exposure and Bananas
A specific example of the need to protect children from dietary exposure to risk involves the use of the pesticide aldicarb on bananas, one of the foods that many children prefer. A toddler can easily eat an entire banana. Some can eat several in a sitting, and children typically eat more of them than adults per pound of body weight.
Aldicarb is an insecticide that has been used for a number of years on fruits, nuts, potatoes, and various other vegetables. It is a systemic pesticide, which means it is taken up by the roots of the plant and ends up in the plant itself, and so cannot be removed by simply washing or peeling fruits and vegetables.
Aldicarb is a carbamate pesticide. It acts by inhibiting acetylcholinesterase, an enzyme necessary for the proper transmission of nerve impulses, and can be very toxic to humans, causing a number of effects, including diarrhea, vomiting, and changes in the function of the central nervous system.
The manufacturer of aldicarb notified the U.S. EPA in 1991 of some unexpected aldicarb residues on bananas. Generally, the residues were below the legal limit or tolerance. "Tolerances," the NAS report noted, "constitute the single, most important mechanism by which the U.S. EPA limits levels of pesticide residues in foods. A tolerance is defined as the legal limit of a pesticide residue allowed in or on a raw agricultural commodity and, in appropriate cases, on processed foods. A tolerance must be established for any pesticide used on any food crop" (2) . Tolerances are set on the basis of composite samples. Under this approach, bunches of bananas were blended and then analyzed. The level detected using this sampling method was found to be below the legal limit. However, when bananas were analyzed one at a time, some of these bananas were found to have levels of aldicarb that were up to 10 times greater than the legal limit. When the legal limit was originally established, it was considered safe. This conclusion was based, in part, on the assumption that any exposure to aldicarb would be spread over a day. More recently, it has become apparent that a whole day's exposure could occur in a single serving. With chemicals like aldicarb, which can produce acute effects, the original legal limits may no longer be considered safe for certain age groups, such as young children.
The U.S. Food and Drug Administration checked aldicarb levels in bananas used for baby food. Those levels were very low, probably because the baby foods are made by blending large numbers of bananas. The problem was high levels of aldicarb in individual bananas that, at random, some children could end up eating. Some of these bananas were not only well above the legal limit but had levels potentially high enough to make a child acutely ill.
The U.S. EPA's dietary risk assessment found that, for the hottest bananas, the allowable daily limit of aldicarb would be exceeded by an adult eating more than one-eighth of a banana and by a child eating more than one bite of a banana. But even for bananas at the legal limit, just one-third of a banana would be an excess for a toddler and one-seventh of a banana would be above the allowable daily intake for an infant.
In 1991, the U.S. EPA and the manufacturer reached an agreement to stop the sale of aldicarb for use on bananas. The registration for bananas has since been canceled and the tolerance revoked. The company also has voluntarily withdrawn its use Volume 103, Supplement 6, September 1995 on white potatoes for the time being because of reasons similar to those that pertain to bananas. Sampling single potatoes revealed a few with residues at or above levels of concern. The company also agreed to reduce the amount of aldicarb used on citrus fruits. The pesticide is currently undergoing special review for groundwater concerns. The situation involving aldicarb residues in bananas is a good example of the need to monitor children's exposures to pesticides in food and to respond accordingly.
A cautionary approach holds true for food imported from abroad. There has been concern for some time about potential risk from pesticides banned or not registered for use in the United States but sometimes detected in imported food. The U.S. Food and Drug Administration (FDA), which oversees the safety of imported food, generally has found a 2-to 3-fold higher violation rate for imported than for domestic foods, usually due to residues of pesticides without tolerances rather than for pesticide residues above prescribed tolerance levels (8) .
The food supply in the United States is considered the safest in the world, and adults as well as children should eat a diet high in fruits and vegetables. But efforts to ensure its safety with still higher certainty are key, particularly in view of children's patterns of food consumption and their vulnerability to toxicity.
Variety of Exposure Routes
There are multiple sources and avenues of exposure to pesticides and other toxic substances for children (9) . Food and water are obvious sources. There can be direct inhalation and contact with agents inside and outside the home. Some exposures are occupationally related, like parents carrying home chemical residues on their clothing or the transfer to breast milk of chemicals contacted at work. Still other exposures can come from discharges to the air and water, certain waste sites, and, on occasion, industrial accidents.
The task of trying to account for all exposures is complex and difficult. Pesticides, for example, can be ingested during food consumption, inhaled when present in the air, and absorbed through skin contact (Table 2) . They are commonly found in food and drinking water; in the air; on lawns and gardens; in households; and, for adults, in the workplace.
Infants, for example, individually can face a higher level of exposure than adults to the same level of toxic contaminants in drinking water (12) . This would include pesticides. Although infants typically weigh only one-tenth as much as adults, they drink about one-third as much water each day. In addition, water constitutes a higher percentage of their body weight. They also have a higher daily rate of water replacement. These factors combine to increase the exposure of infants to toxic contaminants in water, compared with that of adults, underscoring the need for preventive action to protect them.
In communities with contaminated air, improving overall air quality is vitally important for disease prevention. In terms of protecting children's health, specifically, pediatric asthma is a major concern. Poor air quality conditions exacerbate asthma for children and possibly lead to an increased incidence of attacks, a number of studies have shown (12, 13) .
But indoor air environments cannot be ignored. There are a number of important sources of pollutants in indoor environments, including tobacco smoke, stove and fireplace fumes, household cleaners, paints and glues, and synthetic fabrics, as well as pesticides.
A U.S. EPA study completed in 1990, titled The Non-Occupational Pesticide Exposure Study, found that 85% of the total daily exposure to airborne pesticides comes from breathing air inside the home (11) . Because of this finding, the U.S. EPA developed a new residential exposure research strategy. Developing additional information about how these exposures occur will be increasingly necessary.
Some of the ways in which children can be exposed involve hand-to-mouth behavior, like sucking on thumbs and fingers. Other behaviors include object-tomouth, elbow-to-lawn, hand-to-surface, and elbow-to-floor. There are many permutations of these. As a result, residues that persist on such things as carpets, floors, furniture, grass, soil, and playground equipment may be sources of exposure for children.
The U.S. EPA programs that evaluate the risks of toxic substances need to pay more attention to the question of whether and how products in homes and the workplace lead to indoor air pollution problems. They also need to take a more preventive strategy. This means preventing chemicals in these products from being present in indoor environments in the first place and so precluding exposure to children and others.
Health Effects and Lead
The medical community played an important role in uncovering the link between children's exposure to lead and the effects on their health. In decades past, paint containing lead was widely used in the interior of American homes. As homes began to deteriorate and suffered from the lack of upkeep, children frequently ingested the paint chips; this was particularly true in lower economic areas. Children experienced various symptoms, ranging from constipation and retardation to encephalopathy, with coma, convulsions, and even death. Still the link with lead was unclear.
In the 1980s, however, studies tracking children from birth resulted in credence being given to the idea that exposure to lead caused behavioral disorders and a lowering of intelligence. Further, the effects were detected at much lower levels than expected and lasted longer than expected; these exposures were at levels once thought to be safe.
Fortunately, lead levels are coming down, due to government action to reduce lead exposure not only from house paint, but also from gasoline, drinking water, and household products. There is still much to be done, however, particularly to protect children living in lower income areas. There are still many unknowns about the effects of pesticides on people and on infants and children in particular. Filling the information gaps on effects and exposures, primarily nondietary exposures, is essential, but achieving that goal will take time, focused effort, and unwavering support for research dedicated to this end.
Role of Clinicians
Clinicians can play an important role in accomplishing this goal through special awareness of the potential effects of pesticide poisoning. Although environmental toxicity typically is not the first item on a doctor's mind in making a diagnosis, increased alertness to environmental toxicity can be a direct route to identifying causes of disease. Parents can contribute as well by identifying possible environmental links and advising the physician involved in treating the child's health problem about them.
One of the major strategies immediately available for protecting children from exposures to environmental risk is pollution prevention. It is time for parents and schools to take a careful look at how pesticides and other toxic chemicals are. used around children. Pesticide users must learn how to use the safest possible methods of pest control to prevent exposure to children. First and foremost, pesticides should not be used on a "preventive" basis but rather to treat specific pest problems. When pest control is needed, it is important to use Integrated Pest Management (IPM) techniques to avoid the use of pesticides. Around the home and around schools, this means keeping pests out in the first instance and denying them access to food and shelter. If a pesticide is needed, use the safest product available and follow label instructions carefully. Be sure that any pest control contractors are licensed. And stay out of the house or school during treatment, ventilating it well before reoccupying it. Likewise, it is important to reduce the risks of agricultural pesticides. The U.S. EPA is working with farmers and the USDA to reduce unnecessary use, encourage IPM practices, and help the transition to safer alternatives. We are working to strengthen regulation of pesticides to protect children. What these changes will mean is fewer pesticide residues in children's environments, in drinking water, and on food.
